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O s c i l l a t o r  S t rength  of t h e  Resonance T r a n s i t i o n s  of Ground-State N and 0 
Chorng-Lieh Lin,  David A. parkesi , and Freder ick  Kaufman 
Department of Chemistry 
Un ive r s i t y  of P i t t sbu rgh  
P i t t s b u r g h ,  Pa. 15213 
Abst rac t  
Mul t ip l e t  o s c i l l a t o r  s t r e n g t h s ,  CgLfLU, f o r  t he  resonance t r i p l e t s  of N 
and 0  were determined using t h e  l i n e  absorp t ion  method and measuring atom con- 
c e n t r a t i o n s  by chemical " t i t r a t i o n " .  For t h e  N I  t r i p l e t  a t  12001, ZgLfLU = 
0,87 - + 0.20, and e x c e l l e n t  i n t e r n a l  agreement was obta ined  among the  sepa ra t e -  
3  -1 l y  measured f  of t h e  t h r e e  l i n e s .  A value  of ( 3  f 1)  x  10-l1 cm s e c  i s  LU - 
requi red  f o r  t he  r a t e  cons tan t  of t he  N f NO -t N 2  -!- 0 r e a c t i o n  i n  the  a n a l y s i s  
of t he  da t a .  For t h e  01  t r i p l e t  nea r  13002i, t h e  apparent  CgLfLU increased  
sharp ly  and reproducib ly  from 0.19 t o  0.42 when the  d i l u e n t  gas  i n  t he  d i s -  
charge l i g h t  source w a s  changed from A r  t o  He, which i n d i c a t e s  t h a t  e x c i t a t i o n  
t r a n s f e r  is  a  major source of e x c i t a t i o n  i n  such Ax-0 resonance lamps. The 2  
l a r g e r  o s c i l l a t o r  s t r e n g t h  obtained wi th  He-O2 l i g h t  sources  is  i n  e x c e l l e n t  
agreement wi th  r e s u l t s  of l i f e t i m e  measurements by o t h e r  workers. 
In t roduc t ion  
St imulated by aeronomic i n t e r e s t  and by needed comparison wi th  theory ,  
expe r imen ta l i s t s  have continued t o  s tudy the  allowed r a d i a t i v e  t r a n s i t i o n s  
among the  p r i n c i p a l  e l e c t r o n i c  s t a t e s  of atomic a i r  s p e c i e s .  Three very d i f -  
1 
f e r e n t  techniques have been used p r i n c i p a l l y :  (1) D i r e c t  l i f e t i m e  measurements 
using e i t h e r  pulsed o r  s i n u s o i d a l l y  varying (2)  Emission in t en -  
s i t y  measurements i n  high temperature a r c s  i n  thermal equi l ibr ium3 ' 4  ' 5  ; (3) 
Absorption measurements i n  p a r t l y  d i s s o c i a t e d  flowing gases  nea r  300°K using 
l i n e  sources  6 ' 7 3 8 e  The f i r s t  two of t hese  have t h e  advantage of being app l i c -  
a b l e  t o  a  l a r g e  number of t r a n s i t i o n s ,  whereas t he  t h i r d  i s  l i m i t e d  t o  those  
whose lower s t a t e s  a r e  s u f f i c i e n t l y  long-lived t o  be  prepared i n  known concen- 
t r a t i o n ,  and is t h e r e f o r e  r e s t r i c t e d  t o  ground s t a t e s  o r  metas tab le  s t a t e s  re -  
s i s t a n t  t o  de-exc i ta t ion .  Nevertheless ,  t h e  absorp t ion  technique is  worth 
pursuing f o r  s e v e r a l  reasons:  I t  n e c e s s i t a t e s  t h e  development and t e s t i n g  of 
(resonance) l i g h t  sources  possessing known l i n e  shapes; such sources  become 
u s e f u l  t o o l s  i n  atom r e a c t i o n  s t u d i e s  because of t h e i r  h igh  s e l e c t i v i t y  and 
s e n s i t i v i t y  fox  atom concent ra t ion  measurements; i t  f u r t h e r  confirms t h e  cor- 
r ec tnes s  of widely used atom " t i t r a t i o n "  r e a c t i o n s ;  and, l a s t l y ,  i t  h e l p s  re-  
s o l v e  p re sen t  d i sc repanc ie s  among the  r e s u l t s  of o the r  methods. 
The p r e s e n t  paper f i r s t  desc r ibes  t he  succes s fu l  measurement of t h e  f -  
va lue  f o r  t he  N I  resonance t r i p l e t  a t  12008, r e s u l t i n g  i n  good agreement wi th  
l i f e t i m e  and some a r c  d a t a ,  bu t  i n  disagreement wi th  e a r l i e r  abso rp t ion  re -  
s u l t s ;  i t  then re-examines and l a r g e l y  removes e x i s t i n g  d i sc repanc ie s  between 
l i f e t i m e  and absorp t ion  r e s u l t s  f o r  t h e  aeronomically important case  of t h e  
01 t r i p l e t  near 1300i ,  and p o i n t s  up a  complicat ion caused by e x c i t a t i o n  
t r a n s f e r  i n  r a r e  gas  type l i g h t  sources.  
Although both determinat ions use t h e  same t i t r a t i o n  r e a c t i o n  
f o r  t he  q u a n t i t a t i v e  measurement of t he  atom concent ra t ion  i n  t he  absorp t ion  
flow c e l l ,  t he  NL experiment is  much t h e  more d i f f i c u l t ,  because ( a ) - t h e  f -  
va lue  is l a r g e r ,  which r e q u i r e s  ve ry  smal l ,  known atom concent ra t ions ;  (b) 
t he  wavelength reg ion  is  c l o s e r  t o  t h e  cu tof f  f o r  MgF2 windows; and e spec i a l -  
l y  because (c) r e a c t i o n  (1) must be  used a s  a  quan t i t a t2ve  atom removal s t e p ,  
-3 i . e .  a t  t h e  very  smal l  concent ra t ions  of 1 t o  3 x 1012 atoms cm , which a r e  
requi red  f o r  optimum absorp t ion ,  N-atoms r e a c t  s lowly wi th  the  v a r i a b l e ,  added 
NO, s o  t h a t  t he  r a t e  cons tan t  kl must e n t e r  t h e  d a t a  a n a l y s i s .  I n  t h e  0 1  case ,  
on t h e  o the r  hand, t h e  t i t r a t i o n  produces t h e  des i r ed  spec i e s ;  r e a c t i o n  (1) 
can t h e r e f o r e  be c a r r i e d  out  w i t h  g r e a t  excess  of N ,  and added NO is  quant i -  
t a t i v e l y  and r a p i d l y  transformed i n t o  0.  
Recent de te rmina t ions  of t he  absorp t ion  o s c i l l a t o r  s t r e n g t h s ,  fLU, and 
r e l a t e d  r a d i a t i v e  q u a n t i t i e s  a r e  summarized f o r  t h e  N I  resonance t r i p l e t  i n  
Table I and f o r  t h e  01  resonance triplet i n  Table 11. It can be  seen t h a t  f o r  
n i t rogen  t h e r e  is  f a i r  agreement between l i f e t i m e  and some a r c  r e s u l t s ,  b u t  
t h a t  e a r l i e r  measurements us ing  t h e  a b s o r p t i o n - t i t r a t i o n  method have given 
va lues  which a r e  lower by a  f a c t o r  of t h ree .  
For oxygen, t h e  disagreement is  worse. Some a r c  r e s u l t s  a r e  a  f a c t o r  
of fou r  l a r g e r  than those of l i f e t i m e  s t u d i e s  which, i n  t u r n ,  a r e  a  f a c t o r  
of two h igher  than our e a r l i e r  absorp t ion  r e s u l t s .  Severa l  of t hese  exist- 
ing  d i sc repanc ie s  a r e  removed by t h e  p re sen t  work. 
The appara tus  whose b a s i c  diagram is shown i n  F ig ,  1 was s i m i l a r  t o  t h a t  
descr ibed  e a r l i e r 8  except  f o r  t h e  fol lowing modif5cations: The o r i g i n a l  p lane  
r e f l e c t a n c e  g r a t i n g  of t h e  0.5 meter monochromator (1180 grooves /m)  was re- 
placed wi th  one having 3600 g rooves /m,  blazed a t  24001 (Bausch and Lomb) 
which g r e a t l y  improved s p e c t r a l  r e s o l u t i o n .  For t he  l i g h t  source  d ischarge ,  
a  wel l - regula ted  h igh  vo l t age  power supply (Kepco, Model 1520-B) was used i n  
conjunct ion wi th  t h e  magnetron o s c i l l a t o r  of a Raytheon Microtherm u n i t  (2450 
MHz, 100 wat t )  i n  o rde r  t o  i nc rease  t h e  s t a b i l i t y  of t h e  l i g h t  source.  For 
b e s t  r e s u l t s ,  t he  vo l t age  was pulsed by a square  wave genera tor  a t  500 Hz. 
E i t h e r  A r  o r  He were used wi th  t r a c e  a d d i t i o n  of O2 t o  produce t h e  0 1  reso- 
nance t r i p l e t ,  and wi th  1 t o  5% a d d i t i o n  of N 2  t o  produce t h e  N I  emission. 
For He +- N 2 ,  a second microwave source had t o  be placed d i r e c t l y  i n  f r o n t  of 
t he  MgF2 window t o  provide enough i n t e n s i t y  of t h e  1200% t r i p l e t .  
Cyl inder  grades of H e ,  Ax, N 2 ,  and O2 were used without  f u r t h e r  p u r i f i -  
c a t i o n ,  Cylinder grade NO was ex tens ive ly  p u r i f i e d  by slow passage over sup- 
por ted  NaOH a t  atmospheric p re s su re ,  condensation a t  77OK, and repea ted  sub- 
l imat  i on .  
Resu l t s  
A.  N I  Resonance T r i p l e t .  
The l i n e s  a t  1199.55, 1200.22, and 1200.71i a r e  due t o  t h e  t r a n s i t i o n s  
2 4 from t h e  J = 5/2,  3 /2 ,  and 1 /2  members of t he  2p 3s P upper s t a t e  t o  t h e  
2p3 4 ~ 3 / 2  ground s t a t e .  The E i n s t e i n  A-coeff icients  of t h e  t h r e e  l i n e s  a r e  
t h e r e f o r e  equal  and the  emit ted i n t e n s i t i e s  should be  i n  t h e  r a t i o  3:2:1 due 
t o  t h e  s t a t i s t i c a l  weights  of t h e  upper states ( t h e i r  energy d i f f e r e n c e s  a r e  
too  small  t o  a f f e c t  t h e i r  r e l a t i v e  populat ion)  a s  long a s  t h e  source  i s  op t i c -  
a l l y  t h i n .  Since the  absorp t ion  f-values a l s o  s tand  i n  t he  r a t i o  3:2:1, l a r g e  
o p t i c a l  depths i n  the  l i g h t  source l ead  t o  lower l i n e  i n t e n s i t y  r a t i o s  i n  
emission,  This  criterion w a s  used as 8 d i a g n o s t i c  f o r  smal l  o p t i c a l  depth.  
Typica l  N I  sources  used i n  t h i s  work had emission r a t i o s  of 2,7:1.9:1. 
N atoms were produced i n  t he  absorp t ion  flow system by a microwave 
d ischarge  (Raytheon Micortherm) i n  helium o r  argon conta in ing  l e s s  than  0.4% 
N 2  at t o t a l  p re s su re s  of 1.1 t o  2.7 Torr .  The d ischarge  e x c i t e r  was p l aced  
w e l l  upstream of t h e  NO a d d i t i o n  po in t  i n  o rde r  t o  l e t  metas tab le  atomic o r  
molecular spec i e s  decay, and the  flow v e l o c i t y  was kep t  low (100 t o  300 cm 
- 
set I )  t o  l e t  r e a c t i o n  (1) go as f a r  t o  completion a s  p o s s i b l e ,  whi le  keeping 
t h e  N-atom l o s s  due t o  s u r f a c e  recombination small. 
I n  a t y p i c a l  experiment t h e  monochromator was s e t  a t  t he  peak of any 
one of t h e  t h r e e  l i n e s ,  t h e  emission i n t e n s i t y ,  10, was recorded i n  t h e  ab- 
sence of N ,  followed by s e v e r a l  readings ,  I ,  i n  t h e  presence of a cer taSn 
amount of N and v a r i a b l e  amounts of added NO. For each f r a c t i o n a l  absorp- 
t i o n ,  A = (IO-1)/10, t he  corresponding k was obtained g raph ica l ly  on the  
CI 0 
assumption of Doppler-shaped emission and absorp t ion  l i n e s l o  us ing  a = fi 
8 
a s  descr ibed  e a r l i e r  . A t y p i c a l  p l o t  of kok v s .  [Nolo, t he  i n i t i a l  concen- 
t r a t i o n  of added NO before  i t s  p a r t i a l  r e a c t i o n  wi th  N ,  is  shown as l i n e  1 
i n  F ig ,  2 .  I f  r e a c t i o n  (1) were i n f i n i t e l y  f a s t  t h i s  would be  a s t r a i g h t  
l i n e  and i t s  i n t e r c e p t ,  [NOIoi, t h e  " t i t r a t i o n  endpoint",  would equal  t h e  
i n i t i a l  N-atom concent ra t ion .  The absorp t ion  o s c i l l a t o r  s t r e n g t h ,  fLU, is  
2 
then given by (n/4 kn 2)'12 mckO Ava/IIe [N] = 3.34 x 3.0" kg/ IN] , where Ava 
is  the  Doppler width of t h e  absorp t ion  l i n e ,  (8 RT an 2/l4)lI2 v0/c.  
The slowness of t he  t i t r a t i o n  r e a c t i o n  i s  shown by t h e  curva ture  of 
l i n e  1. The c o r r e c t  endpoint is obtained from t h e  i n t e g r a t e d  second-order 
r a t e  equat ion ,  B(A-x) /A(B-x) = exp[klt  (A-B) 1 , where A and B a r e  t he  i n i t i a l  
concent ra t ions  of N and NO,  x i s  t h e  concent ra t ion  of N r e a c t e d ,  kl t h e  r a t e  
cons tan t  f o r  r e a c t i o n  (1) and t t h e  r e a c t i o n  time from the  NO i n l e t  t o  t he  
absorp t ion  reg ion ,  a  d i s t a n c e  of 11 cm. Lf t h e  f lew is s u f f i c i e n t l y  slow, 
the  i n i t i a l ,  l i n e a r  p a r t  of t h e  k02, v s .  [NO] p l o t  can b e  ex t r apo la t ed  t o  y i e l d  
[NOlOi which equals  A i n  t h e  above equat ion.  Then, w i th  A,  kl ,  and t given o r  
assumed, the  concent ra t ion  of N-atoms remaining, A-x, i s  ca l cu la t ed  and p lo t -  
t ed  a s  f o u r  s e t s  of p o i n t s  i n  Fig.  2 (us ing  two d i f f e r e n t  va lues  each f o r  A 
and k l ) .  A c o r r e c t  choice of a l l  parameters  must lead  t o  a  s t r a i g h t  l i n e  p l o t ,  
l i n e s  2 and 3, ending a t  t h e  (p re se l ec t ed )  "endpoint1' where a l l  N has  been r e -  
moved ( r e q u i r i n g ,  of course,  t h e  a d d i t i o n  of an  i n f i n i t e  amount of NO). It 
-11 
can be  seen i n  F ig .  2  t h a t  a  lower va lue  of kl (2 x 10 cm3 sec- l )  i s  more 
c o n s i s t e n t  w i th  a  smal le r  A (2.3 x 10 l2 ~ m - ~ )  by g iv ing  a  b e t t e r  f i t  t o  l i n e  2,  
-11 3 -1 
whereas t he  l a r g e r  kl (4 x LO cm s e c  ) is more c o n s i s t e n t  wi th  a  l a r g e r  A 
- (2 .6  c  1012 m )  , giv ing  a  b e t t e r  f i t  t o  l i n e  3 and thereby a lower f  -value. 
Publ ished va lues  of kl near  300°K i n  the  2 t o  4 x lo-'' cm3 9ec-l  range1' a r e  
supported by t h e  p re sen t  r e s u l t s .  Line 3 is a b e t t e r  tangent  t o  t h e  experi-  
mental curve a t  sma l l    NO]^ and s o  t h e  l a r g e r  A of 2 .6  x  1012 and a kl c l o s e  
t o  b u t  somewhat sma l l e r  than 4 x lo-'' a r e  s l i g h t l y  p r e f e r r e d .  The e r r o r  i n -  
. . 
troduced by the  p re sen t  e x t r a p o l a t i o n  should be  about - 4- 10%. Data were col- 
l e c t e d  s e p a r a t e l y  f o r  each of t he  t h r e e  l i n e s  and r epea t ed ly  f o r  t h e  s t r o n g e s t  
l i n e  us ing  e i t h e r  He o r  A r  d i l u e n t  i n  t h e  absorp t ion  c e l l  and i n  t he  l i g h t  
source as shown i n  Table 1x1 .  
The s u b s t i t u t i o n  of He f o r  A r  i n  t h e  l i g h t  source  is p a r t i c u l a r l y  s i g n i -  
f i c a n t  f o r  0 1  a s  d iscussed  below, but  i t  apparent ly  has  no e f f e c t  i n  t h e  n i -  
t rogen case.  The uncorrected va lues  of Cg f  ob ta ined  a s  8, 16,  o r  24 t imes L LU 
t h e  fLy of t h e  s t r o n g e s t ,  middle,  o r  weakest l i n e  a r e  next  cor rec ted  f o r  
broadening in the source and for scattering in the absorption cell, as des- 
cribed in some detail elsewhere12. The source broadening correction is quite 
small, requiring an increase of 6, 4, and 2%, respectively, for CgLfLU of the 
three lines, based on the observed deviation from the theoretical 3:2:1 emis- 
sion intensities. The scattering correction amounts to approximately 10% 
and is based on the geometry of the flow-cells of 2.35 or 2.10 cm length, an 
effective radius of 0.5 cm defined by the size of light beam traversing the 
cell, and an optical depth, koR, of 1 to 2. These conditions correspond fair- 
ly closely to curve C in Fig. 5 of reference 12, where it is seen that the 
scattering correction is not very sensitive to the optical depth. 
In fourteen experiments, the f-values for the three lines were found to 
be in the expected 3:2:1 ratios, i,e, CgLfLU is indeed constant and equals 
0.87 (Table I). The exact agreement is, of course, fortuitous, and a single 
standard deviation of - f 20 to 25% is estimated, i.e. 5 0.17 to 0.22, which 
takes account of the difficulties of the corrected "titration" and of all 
other systematic errors. The present analysis requires a k of (3 f 1) x 1 - 
10-l1 3 -1 12 cm sec , in good agreement with more direct measurements . 
B .  01 Resonance Triplet. 
The absorption measurements of the 01 triplet at 1302.17, 1304.87, and 
1306.04 need not be described in great detail as they are very similar to 
8 the earlier ones . Following a suggestion by Lawrence that the Ar-O2 light 
source could have emitted broadened lines due to the excitation transfer 
process 
which would leave 1.45 to 1.60 eV of kinetic energy in the excited 0-atom, 
additional experiments were performed. During its radiative lifetime of a 
3 few nanoseconds the de-excitation probability of O( S) at a pressure of 1 
Torr of Ar is entirely negligible and the emission line will be characteris- 
tically broadened as has been observed in studies of the dissociative recom- 
bination of molecular ions13. It is not possible to investigate such line 
shape problems in the vacuum u. v., and it was therefore decided to eliminate 
this complication as much as possible. Two different approaches were tried: 
(a) excitation in the presence of major amounts of a molecular gas (N2, N20) 
such that excitation transfer does not occur at all because of the absence or 
very short lifetime of highly excited molecular precursor states. 0-atoms 
would then be excited by electron impact, leaving them kinetically at ambient 
temperature and leading to Doppler-shaped emission lines. This was attempted 
repeatedly, but was unsuccessful due to interference from banded emissions; 
(b) excitation with He replacing Ar such that the energy mismatch in the 
3 
excitation transfer process would be very much larger, 10.3 eV for He 2 S, 
and the cross section very much smaller. Experimentally, this was accomplished 
by using two microwave discharges, one on the downstream side of the light 
source as normally placed8, and a second one directly in front of the window. 
Table IV shows the striking and reproducible way in which the apparent f-value 
of the strongest line of the 01 triplet depends on the inert diluent gas. 
Each entry in Table IV represents about 6 to 8 measurements of k R and atom 0 
concentration, where each such pair defines an f-value. A plot of kok vs. 
[O] is prepared for each set of points so that the onset of non-linear effects 
at large optical depths can be guarded against. Average f-values so obtained 
from linear plots at small k R need not be corrected for scattering. The 0 
p l o t s  were found t o  be l i n e a r  t o  h igher  koR f o r  He than f o r  A r  d i l u e n t ,  a s  
would be expected i f  t h e  Ar-excited l i n e s  a r e  e s p e c i a l l y  broad. A self-ab-  
s o r p t i o n  co r rec t ion  of 6% i s  madeL2, based on t h e  dev ia t ion  of t h e  observed 
4.3:2.9:1 emission r a t i o  from t h e  t h e o r e t i c a l  5:3:1, and t h e  r e s u l t  i n  Ta- 
b l e  I1 f o r  CgLfLU is  t h e  average of t h e  s i x  e n t r i e s  f o r  He l i g h t  sources  i n  
Table I ,  increased  by 62, and mul t ip l i ed  by 9 f o r  IgL. 
Discussion 
For t h e  N I  resonance t r i p l e t  t h e r e  can be  l i t t l e  doubt t h a t  CgLfLU i s  
0.9 t o  1.0 t o  w i t h i n  15 t o  20%. Labuhn's' r e s u l t  is  h igh ,  b u t  i t s  l a r g e r  
probable e r r o r  makes i t  compatible w i th  t h e  p re sen t  work o r  wi th  t h e  r e s u l t s  
9  
of l i f e t i m e  measurements . The very  h igh  r e s u l t  of Morris  and Garr ison 5 
must be based on an  i n c o r r e c t  assumption, whereas t h e  low va lue  of t h e  ear -  
l i e r  l i n e  absorp t ion  s t u d i e s 6  is  probably due t o  t he  d i f f i c u l t y  of proper ly  
accounting f o r  source  se l f -absorp t ion  and s c a t t e r i n g  when k R i s  very  l a r g e ,  0  
both i n  source and c e l l ,  a s  was t h e  case  the re .  
15 Calculated va lues  of 0.40 by Kelly and lirmstrongl4, 0.386 by Kel ly  , 
and 0.74 by Wilson and ~ i c o l e t l ~  a r e  based on s e l f - c o n s i s t e n t  f i e l d  theory  
without  con f igu ra t ion  i n t e r a c t i o n ,  The l a s t  va lue  is  s u r p r i s i n g l y  c l o s e  
when one cons iders  t h e  e r r o r s  involved i n  t h i s  approximation. 
For t h e  0 1  resonance t r i p l e t  i t  is  r eas su r ing  t h a t  our  absorp t ion- t i -  
t r a t i o n  r e s u l t  i s  i n  e x c e l l e n t  agreement wi th  l i f e t i m e  measurements by 
Lawrence1 and by G a i l l a r d  and ~ e s e e r ~ .  I n  view of t h e  s m a l l  probable e r r o r  
(+ - 2.5%) of t h e  former,  t h i s  problem can be  considered reso lved ,  and t h e  
va lue  of 0.42 may b e  used t o  guEde and appra i se  t h e o r e t i c a l  c a l c u l a t i o n s .  
Recent t h e o r e t i c a l  r e s u l t s  i nc lude  ~ a r s t a n g ' s l ~  0.46,  Kel ly  and Arm- 
s t rong  's14 0.27, Kel ly 's15 0.23, Armstrong and ~urdum's'' 0.24, and Wilson 
and hl icolet ' s16 0.42. The f -values i n  Wilson and ~ i c o l e t  s16 compilat ion 
which come from a r e p o r t  by Armstrong, Johnston,  and ~ e l l ~ l '  a r e  thus sur -  
p r i s i n g l y  c l o s e  t o  t he  b e s t  p re sen t  experimental  r e s u l t s  f o r  t h e  resonance 
m u l t i p l e t s  i n  both N and 0. The accuracy of t hese  c a l c u l a t i o n s  does no t  ap- 
pear  t o  hold i n  genera l ,  however, a s  shown by t h e i r  l a r g e  d i sc repanc ie s  wi th  
the  much more ex tens ive  and r e l i a b l e  c a l c u l a t i o n s  i n  t h e  case  of s e v e r a l  C I  
t r a n s i t i o n s  (1329, 1561, 1657, and 24783) by weiss20 us ing  pseudonatural  or- 
b i t a l s  i n  t h e  superpos i t ion  of conf igura t ion  method. An unpublished calcu-  
l a t i o n  by Weiss on oxygen us ing  t h e  l a t t e r  technique has  given 0.32 i n  t h e  
d i p o l e  lengfh  and 0.40 i n  t h e  d i p o l e  v e l o c i t y  approximation, Such ca l cu la -  
t i o n s  a r e  expected t o  be  accu ra t e  t o  b e t t e r  than 25% and these  most r e c e n t  
r e s u l t s  a r e  thus i n  good agreement wi th  experiment. 
Las t ly ,  t h e  e x c i t a t i o n  t r a n s f e r  process  involv ing  A r  metas tab les  seems 
c l e a r l y ,  though i n d i r e c t l y ,  e s t a b l i s h e d  as an important source of resonance 
r a d i a t i o n  i n  t he  oxygen b u t  no t  i n  t h e  n i t rogen  case.  I n  t h e  l a t t e r ,  t h e  
r e a c t i o n  is  l e s s  e n e r g e t i c  (1.22 o r  1.39 eV) which might favor  i t s  occur- 
4 
rence ,  b u t  i t  would leave  the  r a d i a t i n g  N( P) wi th  l e s s  k i n e t i c  energy (0.94 
o r  1.07 eV), i . e ,  produce a somewhat smal le r  dev ia t ion  from a Doppler-shaped 
emission l i n e ,  though s t i l l  a s u b s t a n t i a l  one. No s a t i s f a c t o r y  reason can 
be given f o r  the  apparent ly  different o p t i c a l  p r o p e r t i e s  of OI and N I  d i s -  
charge l i g h t  sources ,  
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Table I. Experimental oscillator s t r e n g t h s ,  A-values, and 
r a d i a t i v e  l i f e t i m e s  for the N I  resonance t r i p l e t .  
Authors Method Q L ~ L U  %L T 
( lo8  sec-'1 (lo-' s ec )  
P rag ,6Fa i r ch i ld ,  Line abso rp t ion  0.39 - + 0.12 1 . 5  - + 0.5 6.7 k 2.0 
Clark  t i c r a t i o n  
Labuhn 3 Cascade a r c  1 .41  - + 0.56 5.4 - + 2.2 1.85 2 0.74 
Morrio and Gerdin arc 3.5 4 1 . 5 ~  13.5 - + 6a 0.74 3 0 . 3 3 ~  
~ a r r i s o n ~  
Lawrence and 
savage9 
This  work 
L i f e t ime  1.04 - + 0.13 4.0 - + 0.5 2.5 2 0.3  
Line  abso rp t ion  0.87 - + 0.20 3.3 - + 0.8  3.0 4 0.7 
t i t r a t i o n  
a Based on c a l c u l a t e d  Doppler and S t a r k  h a l f  wid ths .  
Table 11. Experimental o s c i l l a t o r  s t r e n g t h s ,  A-values, and 
r a d i a t i v e  I L f e t a e s  f o r  t he  OX resonance t r i p l e t .  
Authors Method Q L ~ L U  C % ~  T 
1 0  s (LO-' sec)  
Prag, F a i r c h i l d ,  Line absorpt ion 0.30 - + 0.08 3.9 - + 1.0 2.6 - 4- 0.7 
c l a rk6  t i t r a t i o n  
Parkes, Keyser, Line absorpt ion 0.19 - + 0.03 2.5 - + 0.4 4.0 - + 0.6 
~ a u f  man8 t i t r a t i o n  
Boldt and ~ e b u h n )  Cascade a r c  1.5 5 0 . 5  19.5 $ 7  0.51 - 4- 0.2 
Morris and Gerdin a r c  0.28 + O . l l a  3.7 - + 1 . 5 ~  2.7 - + l.la 5 Garrison 
Savage and L i f e  time 0.32 - + 0.04 4.2 2 0.5 2.4 + 0.3 
- 
Lawrence2 
Gai l la rd  and Lifet ime 0.45 00.8 5.9 - + 1.0 1.7 - + 0.3 
~ e s s e r 2  - 
~ a w r e n c e l  Lifet ime 0,420 - + 0.011 5.50 - + 0.15 1.82 - + 0.05 
This work Line absorpt ion 0.42 - + 0.08 5.5 - + 1.0 1 . 8  - + 0.3  
t i t r a t i o n  
a Based on ca lcu la t ed  Doppler and S t a r k  ha l f  widths.  
Table 111. Experimental f f o r  N I  l i n e s .  LU 
Stronges t  l i n e ,  1199.551. 
Ax d i l u e n t  f n  l i g h t  source: 0.093, 0.093, 0.095, 0.096, 0.093, 0.094; 
H e  d i l u e n t :  0.098, 0.091; 
average: 0.094. 
Middle l i n e ,  1200.221. 
A r  d i l u e n t :  
A r  d i l u e n t :  
0.063, 0,064, 0,064; 
average: 0.064. 
Weakest l i n e ,  1200.71A. 
0.032, 0,032, 0.033; 
average: 0,032. 
Table I V .  Experimental fLU f o r  t he  01 l i n e  a t  1302.171 
wi th  He o r  Ar d i l u e n t  in l i g h t  sou rce ,  
He: 0.044, 0.041, 0.044, 0,045, 0.047, 0.045; 
average: 0,044. 
A r :  0.020, 0.023, 0,021, 0.021, 0.020; 
average: 0.021. 
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F ig .  1, Diagram sf Apparatus.  
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